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A JUST NOTICEABLE DIFFERENCE (JND) REANALYSIS OF FRY’S 
ORIGINAL ACOUSTIC CORRELATES OF STRESS IN AMERICAN ENGLISH 
 
ETTIEN KOFFI 
 
ABSTRACT 
In	 1955,	 1958,	 and	 1965,	 Fry	 published	 three	 very	 influential	 papers	 that	 have	
revolutionized	phoneticians’	understanding	of	the	acoustic	correlates	of	lexical	stress.		
Fry	does	not	only	show	that	F0,	duration,	intensity,	and	vowel	quality	interact,	but	he	
also	 ranks	 them	 relative	 to	 each	 other	 for	 their	 individual	 contribution	 to	 the	
perception	of	stress.		His	experiments	led	him	to	rank	the	four	correlates	as	follows:	F0 
> Duration > Intensity > Vowel Quality. I review Fry’s papers and highlight his main 
findings.  I re-analyze his raw data on duration and intensity and re-interpret them in 
light of Just Noticeable Differences (JND) thresholds. The re-analysis of Fry’s empirical 
data has revealed that the participants in his 1955 encoded lexical stress differently 
depending on the stress pattern of the word.  For words with a trochaic pattern (nouns), 
speakers relied more heavily on intensity than duration. For words with an iambic 
pattern (verbs), duration was relied upon more often than intensity.  Furthermore, the 
data allows us to see clearly that there are important inter-speaker variations in the 
production of lexical stress.	
	
1.0 Introduction 
Fry published three papers that have left an indelible mark on the acoustics of 
lexical stress.  The 1955 paper focused on two correlates: duration and intensity.  The 
1958 paper examined three correlates: duration, intensity, and F0.  The 1965 paper dealt 
with four correlates: duration, intensity, F0, and formant analysis. In all three articles, Fry 
studied the same five pairs of disyllabic homographs: object	 (noun)	 vs.	 object	 (verb),	
subject	 (noun)	 vs.	 subject	 (verb),	 digest	 (noun)	 vs.	 digest	 (verb),	 permit	 (noun)	 vs.	
permit	 (verb),	 and	 contract	 (noun)	 vs.	 contract	 (verb).	He	 reached	 his	 conclusions	about	the	rankings	of	these	correlates	by	relying	on	speech	synthesis.	 	I	re-analyze	his	original	data	using	the	raw	measurements	that	he	provided	 in	the	appendix	of	his	 1955	 article.	 	 The current paper is organized into six main sections. The first 
examines Fry’s rationale for using disyllabic homographic pairs and gives a succinct 
overview of how phonologists account for stress patterns on these words.  The second, 
third, and fourth sections discuss the 1955, 1958 and 1965 papers and their most 
important findings.  The fifth uses a Just Noticeable Difference (JND) thresholds to re-
analyze Fry’s data.  The sixth discusses some important insights gleaned from these three 
papers and some unresolved issues in the study of lexical stress.	
 
2.0 The Rationale for Investigating Homographs 
 Fromkin et al. (2014:157-8) indicate that words in the lexicon are related to each 
other in multiple ways.  Some have similar meanings.  They are synonyms.  Some have 
opposite meanings.  They are antonyms.  Some are spelled differently, but pronounced 
identically.  They are homophones or homonyms.  Some have the same spelling, but are 
pronounced slightly differently.  They are homographs.  Fry studied the lexical stress of 
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disyllabic homographs.  According to John Higgins, there are 287 such homographs in 
English.1 The five words that Fry used in his experiments are listed below: 
 1. object	(verb)	vs.	object	(noun) 2. subject	(verb)	vs.	subject	(noun) 3. digest	(verb)	vs.	digest	(noun) 4. permit	(verb)	vs.	permit	(noun) 5. contract	(verb)	vs.	contract	(noun) 
 
The important characteristics of homographic words such as these are that they belong to 
two different parts of speech and to two different stress patterns. The first word in each 
pair above is a verb, while the second is a noun.  More will be said about their stress 
patterns in 2.1.  Fry (1955:765) provided the following rationale for using homographs in 
his study: 
 
It is not always easy for listeners, especially untrained listeners, to judge where 
the stress, or accent, falls in a particular word.  In this study, the words chosen 
were all of the type: object, digest, permit, in which many speakers associate a 
difference of rhythm with a difference of function; in such words, therefore, the 
listener can use the criterion of meaning as well as that of sound in deciding 
where the accent falls.   
 
In the 1958 paper, Fry elaborated further on his choice of homographs: 
 
Reaction to difference of stress is another category in the sense that orthography 
does not mark stress variations and the subject has no ready-made code in which 
to record them.  As a consequence, the untrained subject is less aware of stress 
than of phonetic distinctions and it is correspondingly difficult to evoke an 
operational response to stress differences.  There is, however, an association 
between stress pattern and grammatical function in a certain class of words; for 
most English speakers, the word/ˈsʌbdʒikt/, with trochaic rhythm is a noun, and 
the word /səbˈdʒekt/, with an iambic rhythm, a verb.  It has been found that 
listeners with no phonetic training, on hearing an isolated word of this type, can 
judge whether they hear the noun or the verb form and in this way can register 
whether they hear the stress on the first or the second syllable.  The material was 
confined to five pairs of words, all of this type: subject, object, digest, contract, 
permit (Fry 1958:130).   
 
In a nutshell, Fry chose these homographic pairs because even untrained listeners know 
their stress patterns subconsciously based on the parts of speech to which the word 
belongs. 
 
 
                                               
1 The following link contains a list of 287 homographs such as the one discussed in this paper. 
http://lrc.salemstate.edu/aske/courses/materiales/homographs.htm. 
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2.1 Homographs in Impressionistic Studies and in Metrical Phonology 
 Fry was not the first to have investigated the stress pattern on homographs.  Prior 
to his acoustic phonetic experiments, most studies were impressionistic and/or 
phonological in nature.  Analysts relied on their naked ears to determine which syllable in 
disyllabic homographs was stressed and which one was not.  The consensus from these 
studies is that stressed syllables have a higher intensity than unstressed ones. 
Phonologists rely on the notion of syllable weight to make this determination. The 
explanation is that heavy syllables attract stress.  A syllable is deemed heavy if its 
nucleus or coda has a branching node.  The syllable diagrams of <subject> based on the 
pronunciation in Fry (1958:130) illustrates what is meant by branching node.  The first 
diagram illustrates the nominal form<SUBject>, while the second portrays the verbal 
form<subJECT>: 
 
In both cases, the second syllable is heavy because the coda branches into two segments: 
[k] and [t].  In spite of the fact that the syllables /dʒɪkt/ and /dʒɛkt/ are heavy, the heavy 
syllable fails to attract lexical stress when the word is a noun.  The stress pattern on nouns 
(/ˈsʌbdʒɪkt/) is trochaic, that is, a strong syllable followed by a weak syllable, while the 
stress pattern on verbs (/səbˈdʒɛkt/) is iambic, a weak syllable followed by a strong 
syllable.  Fry used capitalization to indicate these two stress patterns: 
 1. obJECT	(verb)	vs.	OBject	(noun) 2. subJECT	(verb)	vs.	SUBject	(noun) 3. diGEST	(verb)	vs.	DIgest	(noun) 4. perMIT	(verb)	vs.	PERmit	(noun) 5. conTRACT	(verb)	vs.	CONtract	(noun) 
 
Metrical phonologists have tried to account for why the trochaic stress pattern in nouns 
fails to attract stress.  They have evoked the principle of “extrametricality.” Roca and 
Johnson (1999:323) explain it as follows: 
 
The device is given the name EXTRAMETRICALITY, because it excludes the 
element it acts upon from the computations in the metrical grid. 
 
The stress assignment rule based on extrametricality is stated as follows: 
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1. Make the last element extrametrical 
2. Build a left-headed foot at the right edge (Roca and Johnson 1999: 333): 
 
Kenstowicz (1994:567) equates extrametricality with “invisibility,” namely, the heavy 
syllable in nouns is “invisible” to the stress assignment rule.  Consequently, for disyllabic 
homographic pairs, even though the ultimate syllable is heavy, stress moves to the 
penultimate syllable when the word is a noun. Goldsmith (1990:179) discusses a number 
of languages beside English where extrametricality applies.  For English, he proposes the 
following stress assignment rule: 
 
Verbs assign stress to final syllables with long vowels or a final cluster of two 
consonants, … Nouns, however, assign stress regularly to the penultimate syllable 
… (Goldsmith 1990:203-4) 
 
This is the prevailing phonological explanation for the stress pattern of disyllabic 
homographs.  Fry’s experiments ushered in a new approach to study lexical stress from 
an acoustic phonetic perspective.  
 
3.0 Introduction to Fry’s Studies 
 In order to appreciate Fry’s findings, we must first acquaint ourselves with the 
essence of acoustic phonetics.  In the introduction to Acoustic Phonetics: A Course of 
Basic Readings  that Fry (1976) edited, he made a distinction between three areas in 
speech acoustic research, namely, speech production, speech perception, and speech 
synthesis.  The three complement each other but have different goals, objectives, and 
methodologies.   In speech production research, the focus is on the physical nature of the 
speech signals that the vocal apparatus of the talker emits.   One studies the frequency, 
intensity, and duration found in speech signals.  As Fry (1976:15) puts it “there could be 
as many as three or four acoustic features recurring with a given unit.”  The question is, 
“are these features all important cues for identifying the sound.”  Speech perception 
answers this question by sorting out the feature(s) and finding out the one(s) that is/are 
really crucial for perception.   Once the crucial feature(s) has/have been identified, speech 
synthesis experiments are run to validate the findings of speech perception.  Fry 
(1976:15) explains the role of speech synthesis in this process as follows: 
 
In order to study the effect of any single cue, it is necessary to have recourse to 
speech synthesis, that is, the generation of speech-like sounds by the use of 
electronic circuits or by some other means in conditions where one acoustic 
feature of the signal can be systematically varied under the control of the  
experimenter.  The sound manufactured must be ‘speech-like’ only to the extent 
necessary for listeners to treat them as if they were speech.  
 
These three aspects of speech acoustics work in tandem.  However, they employ different 
methodologies and procedures.  It is therefore important to keep in mind that Fry’s 
ranking of the acoustic correlates of lexical stress is based on speech synthesis, not on 
speech data produced by human voices.  
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3.1 Fry’s 1955 Experiments, Participants, and Findings 
 Even though Fry is a British phonetician, he traveled all the way to the US to 
conduct his experiments.  The recordings and the experiments took place at the Haskins 
Laboratories. At that time, it was one of the leading acoustic phonetic laboratories in the 
world. It had the best facilities for speech synthesis (Fry 1976:16). When Fry embarked 
on his research, there was hardly any facility in Britain where acoustic phonetics 
experiments of this nature could have been conducted.  Peter Ladefoged explains that 
David Abercrombie, the famed British phonetician, purchased the first spectrograph in 
Britain in 1952 (Fromkin 1985:12).2  For this study, Fry recruited 12 speakers of General 
American English (GAE) who read the homographic pairs contained in the carrier 
sentence “Where is the accent in ________?” (Fry 1955:765). Here is his rationale for 
choosing speakers of GAE: 
 
Another consideration was that the test was first made with a large group of 
American listeners.  In American speech, it happens quite commonly that there is 
little or no opposition of vowel quality in such noun and verb pairs and hence the 
biasing effect would be rather less considerable.  It turned out, in practice, that 
there was no marked difference between the responses of the American subjects 
and those of a small group of English subjects (Fry 1958:134). 
 
Fry (1955:766-7) synthesized their speech into 125 test items.  The experiments are 
described as follows: 
 
The 125 test items were placed in random order and the listener was asked to 
record his judgment of the accent in the following way: he was supplied with a 
test sheet on which the appropriate word was printed against each item number; 
capital letters were used to denote the stressed syllable, and each word appeared 
in two versions, one with the first syllable in capitals and the other with the 
second.  The listener was asked to underline one of these forms for each word that 
he heard.  Altogether 100 subjects listened to the test and recorded their responses 
in this way. 
 
Here are the main conclusions about the acoustic correlates of stress that that Fry reached 
from his experiments:   
 
1. “In words where duration and intensity were operating in the same direction, there 
was excellent agreement between the subjects, that is to say, when the vowel was 
long and of high intensity, listeners agreed that the vowel was strongly stressed, 
when it was short and of low intensity, it was judged as weakly stressed,” p. 767. 
 
2. “The most interesting aspect of the results is shown when the effects of duration 
and intensity were studied separately.  It has generally been accepted that 
variations of intensity are the most closely linked with stress differences in 
                                               
2The first spectrograph machine was invented in the 1940s (Kent and Read 2002:57). 
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English but the results of this experiment indicate that the duration ratio has a 
stronger influence on judgments of stress than has the intensity ration,” p. 767. 
 
3. “The results of these experiments indicate, then, that (1) duration and intensity 
ratios are both cues for judgments of stress, (2) the vowel segments show the 
major differences in duration and intensity with a shift of stress, and (3) duration 
ratio is a more effective cue than the intensity ratio,” p. 768. 
 
The ranking of the two correlates from the 1955 study is: Duration > Intensity.  
 
3.2 Fry’s 1958 Experiments, Participants, and Findings 
In 1958, Fry embarked on another study.  This time he experimented with the 
contribution of F0/pitch in the perception of lexical stress.  This study was also conducted 
at the Haskins Laboratories.  The procedure he used to synthesize F0 is described on page 
141 as follows: “The synthesized speech was intended to sound like that of a male 
speaker, and the selected reference frequency of 97 c.p.s3 gave this effect successfully.” 
All unstressed syllables were assigned a fixed F0 value of 97 Hz.  The F0 of the putative 
stressed syllable was increased by “multiples of 5Hz, that is, by 5, 10, 20, 30, 40, 60, and 
90 Hz (pp. 141-2).  Here is the rationale behind this method: 
 
The essence of this method is that the properties of the speech signals may be closely 
controlled.  This is generally not possible in the case of live speech and only partially 
in recorded speech, so that the most satisfactory method is to synthesize the required 
speech sounds in some way that will afford the necessary control over all the 
variables in speech.  The pattern playback equipment at the Haskins Laboratories was 
used for the purpose (Fry 1958:129).  
 
Fry (1958:135) recruited 118 participants to retest the duration and intensity correlates. 
Their judgments corroborated his 1955 findings (Fry 1958:136).  He also recruited 76 
participants, some Americans and some British, to test the effect of F0 in the perception 
of lexical stress (Fry 1958:147).  Here are three very important insights concerning the 
role of F0 in the perception of stress: 
 
1.  “The effect of pitch on the perception of stress is generally held to be that a 
higher pitch produces an impression of greater stress.  This experiment was 
designed to test first the hypothesis that, if two syllables differ in fundamental 
frequency, the syllable having the higher frequency is more likely to be judged as 
stressed,” [Italics added for emphasis.] p. 142. 
 
2. “These results provide good evidence for supposing that a step-change of 
fundamental frequency affects stress judgments in a specific way.  It appears 
likely that so long as the resulting pitch change is easily perceptible to the listener, 
he tends to judge a higher syllable as more stressed, but the magnitude of the pitch 
                                               
3 Before the Hertz (Hz) unit was internationally adopted, frequency was measured in c.p.s, which stands for 
“cycles per second.” 
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change makes little contribution to his judgment,” [Italics added for emphasis.] p. 
144. 
 
3. “Change in fundamental frequency differs from change of duration and intensity 
in that it tends to produce an all-or-none effect, that is to say the magnitude of the 
frequency change seems to be relatively unimportant while the fact that a 
frequency change has taken place is all-important,” p. 151. 
 
The ranking of correlates from the 1958 experiments is as follows: F0 > Duration > 
Intensity.  
 
3.2 Fry’s 1965 Experiments, Participants, and Findings 
Fry did not investigate vowel quality in his 1958 paper, but he concluded the 
article by making the following statement: 
 
The formant structure cue still remains to be investigated and it is quite probable 
that for English listeners, at least, the changes in vowel quality introduced by 
variations in formant structure may prove one of the most powerful factors in 
determining stress, p. 151. 
 
In 1965, he published a paper in which he investigated the role of F1 and F2 in the 
perception of lexical stress.  He studied the vowels in <object, contract, digest, subject>.  
His methodology and aspects of his procedures are described below: 
 
The experiments reported in this paper attempted to explore the part played by 
vowel quality in stress judgments obtained from English listeners.  Versions of 
the word-pairs object, contract, subject and digest were synthesized in which 
there was systematic variation of the frequency of the first and second formants in 
the first syllable of object, contract, and digest and the second syllable of object, 
and subject.  … The fundamental frequency of the periodic sounds was kept 
constant at 120 Hz throughout.  The overall intensity of the syllable was regulated 
so that the maximum intensity in the two syllables of a test word was equal and a 
constant difference of 6 dB between formant 1 and formant 2 was maintained 
throughout (Fry 1976:425). 
 
For this study, Fry did not use any carrier sentences.  His participants were all speakers of 
British English from the south and/or the Midlands (Fry 1976:425).  He ran into some 
methodological and procedural problems with his last experiments.  He described the 
issues as follows, “In presenting the results of these experiments, a recurring difficulty is 
the problem of comparing the scale of variation in the two dimensions, [i.e., F1 and F2].” 
Here are three important findings from the 1965 experiments: 
 
1. “It seemed clear from preliminary experiments that there was a certain asymmetry 
with respect to the effect of formant change in the first and second syllables of the 
words: vowel change in the first syllable had a greater effect on the judgments 
than change in the second syllable,” p. 427. 
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2. “When listening to the synthetic stimuli, however, it is difficult to resist the 
impression that there is something in the situation which renders vowel change in 
the second syllable really less effective than change in the first syllable,” p. 429. 
 
3. “… a comparison of the two sets of figures suggests at least that the formant 
structure cue for stress may be in fact less effective than the intensity cue.  A 
firmer conclusion on this point should, however, await the results of direct 
experimental comparison of the two kinds of cue in action,” p. 430. 
 
By “direct experiment,” Fry had in mind empirical data collected from real human 
beings.  The overall ranking of the acoustic correlates of stress based on Fry’s 
experiments in synthesized speech is: F0 > Duration > Intensity > Vowel Quality. 
 
4.0 A JND Re-analysis of Fry’s Correlates  
 In the remaining portions of this paper, I will re-analyze Fry’s acoustic correlates 
of stress using a template model.  This model is based on the Just Noticeable Difference 
(JND) thresholds in duration, intensity, F0, and F1. It is important to emphasize that the 
analyses to follow are not a replication study.  I use Fry’s own measurements on duration 
and intensity and re-interpret his findings in light of JND thresholds.  This type of 
analysis has been made possible because of relatively recent developments in 
psychoacoustics (Fant1998:1246).  These advances make it possible to assess how 
hearers perceive acoustic signals without having to ask participants to write down their 
responses or without resorting to speech synthesis. Moore (2007:460) explains JND-
based analyses as follows: 
 
The absolute threshold of a sound is the lowest detectable level of that sound in 
the absence of any other sounds.   In practice, there is no distinct sound level at 
which a sound suddenly becomes detectable.  Rather, the probability of detecting 
a sound increases progressively as the sound level is increased from a very low 
value.  Hence, the absolute threshold is defined as the sound level at which an 
individual detects the sound with a certain probability, such as 75% (in a two-
alternative forced-choice task, where guessing leads to 50% correct, on average).  
Typically, results are averaged across many listeners with normal hearing (i.e., 
with no known history of hearing disorders and no obvious signs of hearing 
problems) to obtain representative results. 
 
Rabiner (1998:1267) notes that when it comes to automatic speech recognition, no 
difference has been found to exist between a template model such as JNDs and other 
statistical models.  I am, therefore, confident that the JND thresholds in duration and 
intensity will yield the same ranking as the statistical model used by Fry.  
 
4.1 A JND Re-analysis of Fry’s Duration Data 
 Fry (1955:768) contains raw data concerning the duration of the vowels produced 
by each of the 12 participants.  Using the JND in duration, it is possible to determine the 
contribution of the duration correlate to the perception of lexical stress.  Dozens of 
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experimental acoustic phonetic studies have confirmed that the smallest amount of time it 
takes for people to perceive that one speech signal is longer than another is 10 ms 
(Lehiste 1976:226, Phillips et al. 1994:214, Klatt 1976:1219, Miller 1989:2122, and 
Plack 2004:16, to mention only these).  The earliest and the most often quoted study is 
Hirsh (1959:767). He found that it took only 10 ms for hearers to perceive that one 
segment is longer than the other.  If two signals differ by 17 ms or longer, hearers do 
perceive the durational difference between them “correctly.” The JND of duration can, 
therefore, be used to distinguish the stressed syllable from the unstressed one.  The 
syllable with the longer duration is deemed stressed, while the one with the shorter is 
unstressed.4 Fry’s original measurements are in seconds, but they have been converted 
into milliseconds in keeping with contemporary practices.   
 
Words       obJECT, Verb        OBject, N subJECT, Verb SUBject, Noun 
Duration V1 V2 V1 V2 V1 V2 V1 V2 
Speaker 1 50 160 120 90 30 90 90 70 
Speaker 2 70 130 140 130 50 110 100 110 
Speaker 3 70 160 160 150 20 130 120 120 
Speaker 4 50 190 170 100 40 100 90 100 
Speaker 5 40 200 130 110 20 120 100 100 
Speaker 6 60 140 130 90 40 90 80 70 
Speaker 7 90 180 140 150 70 110 120 160 
Speaker 8 50 190 150 80 40 130 110 90 
Speaker 9 20 190 190 120 40 120 100 130 
Speaker 10 60 180 180 150 40 140 100 120 
Speaker 11 60 180 170 140 60 120 80 120 
Speaker 12 70 160 160 150 70 120 100 140 
Mean 57.5 171.6 153.3 121.6 43.3 115 99.1 110.8 
St. Dev. 17.6 21.6 21.8 26.9 13.1 26.7 13.1 26.7 
Table 1A: Duration 
 
Words diGEST, Verb DIgest, Noun perMIT, Verb PERmit, Noun 
Duration V1 V2 V1 V2 V1 V2 V1 V2 
Speaker 1 120 130 140 120 40 100 110 100 
Speaker 2 140 120 200 110 60 100 120 80 
Speaker 3 90 170 230 160 40 160 150 130 
Speaker 4 170 210 180 110 50 120 120 80 
Speaker 5 130 170 150 180 50 120 120 120 
Speaker 6 120 170 160 110 50 150 120 80 
Speaker 7 150 180 170 130 60 130 130 90 
Speaker 8 200 210 230 80 50 140 130 70 
Speaker 9 180 120 200 90 50 70 110 70 
                                               
4 The duration and intensity of <conTRACT> and <CONtract> are not included because there was a 
transposition error when Fry entered the measurements for this homographic pair.  See my notes in the 
appendix. 
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Speaker 10 130 140 200 110 50 100 150 70 
Speaker 11 140 190 210 140 110 140 120 100 
Speaker 12 140 180 220 150 80 150 130 100 
Mean 142.4 165.8 190.8 124.1 57.5 123.3 125.8 90.8 
St. Dev. 29.5 31.7 30.5 29.0 19.5 26.7 13.1 19.7 
Table 1B: Duration 
 
 The participants produced a total of 96 syllables (12 participants x 4 words x 2 
syllables per word).   In 84 out of 96 instances, the putative stressed syllable was longer 
on average (144 ms) than the unstressed syllable (91 ms) by 53 ms.  In other words, in 
87.5% of the cases, stressed syllables were longer than the unstressed ones.  However, in 
12.5% of the cases, the unstressed syllables were actually longer than their stressed 
counterparts.  Those cases are highlighted in grey in Tables 1A and 1B.  
 
4.2 A JND Re-analysis of Fry’s Intensity Data 
Fry (1955:768) also provided the intensity measurements for the vowels produced 
by the 12 participants.  Numerous acoustic phonetic studies have confirmed that the 
smallest intensity difference that humans can perceive between two speech signals is 1 
dB (Fry 1979:92-93, Ladefoged 2003:90). However, experts often fail to specify that this 
limen of perception is obtained only in “acoustically-insulated noiseless environments.” 
(Burg et al. 2013:8).  In the “real world” where conversations are carried out between 
individuals, the consensus JND is 3 dB (Moore 2007:460, Hansen 2001:41).  The 3 dB 
threshold is the sensitivity specification used for engineering and manufacturing sound 
level meters and listening devices such as headphones.  In fact, this specification has been 
endorsed by the American National Standards Institute (ANSI), the International 
Standardization Organization (ISO), and the International Electrotechnical Commission 
(IEC).   The JND of 3 dB can be used to discriminate between stressed and unstressed 
syllables.  Any syllable whose vowel has an intensity that is ≥ 3 dB than all other vowels 
within the same word is the stressed syllable.  We note in passing that in Tables 2A and 
2B, Fry did provide any absolute intensity measurements, only the intensity ratio between 
syllables.5  
 
Words       obJECT, Verb        OBject, Noun subJECT, Verb SUBject, Noun 
Intensity V1 V2 V1 V2 V1 V2 V1 V2 
Speaker 1 5 12 15 9 7 15 15 7 
Speaker 2 6 11 20 12 14 15 19 7 
Speaker 3 7 12 16 8 6 16 19 9 
Speaker 4 9 13 16 11 9 15 17 10 
Speaker 5 3 9 15 3 3 16 20 5 
Speaker 6 6 12 18 14 12 16 12 9 
Speaker 7 11 16 18 15 13 19 15 16 
Speaker 8 3 15 15 6 9 15 19 6 
Speaker 9 4 15 18 11 9 17 16 14 
                                               
5 We can very easily figure out what the actual absolute intensity by adding 60 dB to every single value, 
since 60 dB is the intensity of normal conversational speech. 
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Speaker 10 12 15 14 4 10 15 12 3 
Speaker 11 15 18 12 6 15 13 12 4 
Speaker 12 12 12 13 7 14 15 15 6 
Mean 7.75 13.33 15.83 8.83 10.08 15.58 15.91 8 
St. Dev. 3.9 2.4 2.3 3.8 3.6 1.4 2.9 3.8 
Table 2A: Intensity 
 
Words     diGEST, Verb    DIgest, Noun        perMIT, Verb  PERmit, Noun 
Intensity V1 V2 V1 V2 V1 V2 V1 V2 
Speaker 1 13 12 18 11 7 10 13 7 
Speaker 2 15 15 21 13 7 9 10 6 
Speaker 3 12 20 18 7 8 15 17 9 
Speaker 4 18 18 21 9 8 12 15 9 
Speaker 5 18 20 17 10 6 9 11 6 
Speaker 6 14 19 18 8 7 9 11 8 
Speaker 7 17 15 20 15 9 12 10 7 
Speaker 8 19 14 15 10 7 13 12 9 
Speaker 9 14 15 15 6 6 15 14 6 
Speaker 10 11 14 14 8 3 12 9 6 
Speaker 11 11 12 14 19 15 21 15 12 
Speaker 12 17 17 18 8 9 18 21 15 
Mean 14.9 15.9 17.41 10.33 7.6 12.9 13.1 8.3 
St. Dev. 2.8 2.8 2.5 3.7 2.8 3.7 3.45 2.7 
Table 2B: Intensity 
 
In 78 out of 96, the putative stressed syllable has a higher intensity than the unstressed 
one. This means that in 81.25% of the cases, the stressed syllable has a higher intensity 
than its unstressed counterpart.  The 18 instances where the intensity of the unstressed 
syllable is higher are highlighted in grey.  
 
Words       obJECT, Verb        OBject, Noun subJECT, Verb SUBject, Noun 
Intensity V1 V2 V1 V2 V1 V2 V1 V2 
Speaker 1 5 12 15 9 7 15 15 7 
Speaker 2 6 11 20 12 14 15 19 7 
Speaker 3 7 12 16 8 6 16 19 9 
Speaker 4 9 13 16 11 9 15 17 10 
Speaker 5 3 9 15 3 3 16 20 5 
Speaker 6 6 12 18 14 12 16 12 9 
Speaker 7 11 16 18 15 13 19 15 16 
Speaker 8 3 15 15 6 9 15 19 6 
Speaker 9 4 15 18 11 9 17 16 14 
Speaker 10 12 15 14 4 10 15 12 3 
Speaker 11 15 18 12 6 15 13 12 4 
Speaker 12 12 12 13 7 14 15 15 6 
Mean 7.75 13.33 15.83 8.83 10.08 15.58 15.91 8 
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St. Dev. 3.9 2.4 2.3 3.8 3.6 1.4 2.9 3.8 
Table 2A: Intensity 
 
Words diGEST, Verb DIgest, Noun perMIT, Verb PERmit, Noun 
Intensity V1 V2 V1 V2 V1 V2 V1 V2 
Speaker 1 13 12 18 11 7 10 13 7 
Speaker 2 15 15 21 13 7 9 10 6 
Speaker 3 12 20 18 7 8 15 17 9 
Speaker 4 18 18 21 9 8 12 15 9 
Speaker 5 18 20 17 10 6 9 11 6 
Speaker 6 14 19 18 8 7 9 11 8 
Speaker 7 17 15 20 15 9 12 10 7 
Speaker 8 19 14 15 10 7 13 12 9 
Speaker 9 14 15 15 6 6 15 14 6 
Speaker 10 11 14 14 8 3 12 9 6 
Speaker 11 11 12 14 19 15 21 15 12 
Speaker 12 17 17 18 8 9 18 21 15 
Mean 14.9 15.9 17.41 10.33 7.6 12.9 13.1 8.3 
St. Dev. 2.8 2.8 2.5 3.7 2.8 3.7 3.45 2.7 
Table 2B: Intensity 
 
In 78 out of 96 cases, the putative stressed syllable has a higher intensity than the 
unstressed one. This means that in 81.25% of the cases, the stressed syllable has a higher 
intensity than its unstressed counterpart.  The 18 instances where the intensity of the 
unstressed syllable is higher are highlighted in grey.  
 
4.3 Confirmation of Fry’s Original Ranking 
 The JND-based re-analysis of Fry’s (1955) data agrees with his original ranking: 
Duration > Intensity.   In 87.5% of the cases, duration was a better predictor of lexical 
stress, as opposed to 81.25% for intensity. The mean durational difference between 
stressed syllables and unstressed syllables is 53 ms.  On average, the stressed syllables 
lasted 144 ms versus 91 ms for unstressed syllables. This durational difference is five 
times longer than the perception of duration.  Similarly, the intensity ratio between 
stressed and unstressed syllables was respectively 14 dB and 9 dB.  This means that 
stressed syllables are 5 dB louder than unstressed ones. Hansen (2001:41) notes that a 
difference of 3 dB is “just perceptible”, while a difference of 5 dB is “clearly noticeable.”  
All in all, in 85% of the data, the stressed syllable was unmistakably longer and louder.  
In such cases, the acoustic correlates lined up perfectly, and the perception of the stressed 
syllable was unmistakable.  These are the cases of convergence of correlates that Fry 
(1955:767) described as follows:  
 
In words where duration and intensity were operating in the same direction, there 
was excellent agreement between the subjects, that is to say, when the vowel was 
long and of high intensity, listeners agreed that the vowel was strongly stressed, 
when it was short and of low intensity, it was judged as weakly stressed. 
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4.4A JND Analysis of F0 
Fry (1958) did not collect F0 measurements from his participants.  Instead, he 
manipulated the pitch patterns of stressed and unstressed syllables synthetically.  All 
unstressed syllables were kept at 97 Hz, while the pitch of stressed syllables was 
increased by multiples of 5, as discussed in 3.2.  However, recent findings in speech 
acoustics have provided us with reliable baseline measurements at which humans can 
perceive a difference between two pitches. The consensus that has emerged is that a 
difference of less than 1 Hz can be detected: 
 
The perception of frequency is called pitch.  Most of us have excellent relative 
pitch, which means that we can tell whether one sound has a different pitch from 
another.  Typically, we can discriminate between two sounds if their frequencies 
differ by 0.3% or more (Young 2011:609).  
 
In order to make calculations easier, many phoneticians have rounded the JND of pitch to 
1 Hz (Lehiste 1970:64, Gandour 1978:57, Stevens 2000:228, to mention only these).    
Pitch, like intensity, is perceived logarithmically, not arithmetically.  Consequently, the 
absolute difference between the F0s of the two syllables does not matter.   What does 
matter is if there is at least 1 Hz between them. Fry (1958:144) makes this very clear:  
 
Change in fundamental frequency differs from change of duration and intensity in 
that it tends to produce an all-or-none effect, that is to say, the magnitude of the 
frequency change seems to be relatively unimportant while the fact that a 
frequency change has taken place is all-important. 
 
All one needs to assess which syllable is stressed and which one is not is 1 Hz difference 
between them.  The syllable with the higher F0 is deemed stressed, while the one with the 
lower F0 is unstressed.  It does not matter if the pitch difference is 1 Hz, 9 Hz, or 35 Hz.  
 
Let’s exemplify this with the F0 information in Figure2.   The sentence <I have to 
subject the subject to a series of tests> in which the test words <subJECT> and 
<SUBject> occur was produced by a 20-year-old female college student from Central 
Minnesota. 
 
 
Figure 2: The F0 of <subJECT> and <SUBject> 
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In the pronunciation of this talker, the putative stressed syllable <JECT> (230 Hz) has a 
lower F0 than the unstressed syllable, <sub> (246 Hz).  The claim that the stressed 
syllable has a higher F0 does not hold in this case.  If it did, the F0 of <JECT> would be 
higher than that of <sub>, but this is not the case for the verb <subJECT> in this 
sentence.  However, we see clearly that in the noun, <SUB> has a higher F0 (264 Hz) 
than <ject> (178 Hz).  In the nominal form of the word with a trochaic stress pattern 
(<SUBject>), pitch behaves as expected, but not so for the verbal form <subJECT> 
where the iambic pattern operates.   
 
Examples such as this one have given rise to unending controversies about Fry’s 
(1958) ranking of the acoustic correlates of stress.  Keyworth’s (2014:25-28) review of 
the literature shows that alternative rankings, including the ones below, have been 
proposed:  
 
1. Intensity > Duration > F0 
2. Duration > Intensity > F0  
3. F0 > Intensity > Duration 
4. Intensity > F0 > Duration 
 
His own data collected from speakers of Midwestern American English (most of whom 
were from Minnesota) has this ranking: Intensity > Duration > F0. Kochanski et al. 
(2005:1046, 1052) found the same hierarchy in the speech of some speakers of British 
English.  From the standpoint of Combinatorial Mathematics, 27 ranking possibilities (33) 
are allowed.6  However, only the 16 below are really viable:7 
 
1. F0 > Duration > Intensity 
2. F0 > Intensity > Duration 
3. F0 > Intensity = Duration 
4. F0 = Duration > Intensity 
5. F0 = Intensity> Duration 
6. Intensity > Duration > F0 
7. Intensity > F0 > Duration 
8. Intensity > F0 = Duration 
9. Intensity = Duration > F0 
10. Intensity = F0 > Duration 
11. Duration > Intensity > F0 
12. Duration > F0 > Intensity 
13. Duration > F0 = Intensity 
                                               
6 In addition to Wikipedia, those who are interested in Combinatorial Mathematics can refer to the 
following link: https://home.ubalt.edu/ntsbarsh/Business-stat/otherapplets/comcount.htm.    
7There are nine combinations that are not viable because they contain tautological information, namely, 1) 
F0=F0=F0, 2) Duration=Duration=Duration, 3) Intensity = Intensity = Intensity, 4) F0 = F0 > Intensity, 5) 
F0 = F0 > duration, 6) Intensity = Intensity > F0, 7) Intensity = Intensity > Duration, 8) Duration = 
Duration > F0, and 9) Duration = Duration > Intensity.  The rankings Duration = F0 = Intensity and 
Intensity = Duration = F0 are possible in a combinatorial sense.  All the rankings in this footnote are 
mathematically possible, but not practically viable. 
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14. Duration = F0 > Intensity  
15. Duration = Intensity > F0 
16. F0 = Duration = Intensity 
 
The symbol “=” stands for “convergence” or “operate in the same direction.”  It means 
that the correlates “operate in the same direction,” as explained in the quote below.  The 
first six ranking do not need any further explanation, but the last four do.  Rankings 3, 4, 
5, 8, 9, 10, 13, 14, 15, and 16 exemplify cases of convergence where two or three 
acoustic correlates converge on the same syllable to encode lexical stress. In these cases, 
the Majority Principle can be invoked.8  It is summarized simply as “two correlates 
together are perceptually more prominent than one.” This is tantamount to the statement 
by Fry quoted earlier and repeated here to illustrate the Majority Principle: 
 
In words where duration and intensity were operating in the same direction, there 
was excellent agreement between the subjects, that is to say, when the vowel was 
long and of high intensity, listeners agreed that the vowel was strongly stressed, 
when it was short and of low intensity, it was judged as weakly stressed (Fry 
1955: 767). 
 
The pronunciation of <SUBject> in Figure 2 fits pattern #5, namely, the syllable <SUB> 
has both a higher F0 and a greater intensity than the syllable <ject>.  In pattern #16, all 
the acoustic correlates of stress would converge on the putative stressed syllable.  Pattern 
#16 fits the classic definition of a stressed syllable, namely, a syllable that has a higher 
pitch, a longer duration, and a greater intensity.   Empirical data shows that the 
convergence of F0, duration, and intensity on a single syllable is rare.  In Figure 2, we see 
that for <SUBject>, F0 and intensity converge on the syllable <SUB> to make it the 
strong syllable.  The Majority Principle applies.  However, for <subJECT>, the only 
correlate that we can rely on to say that <JECT> is the stressed syllable is duration.  Its 
vowel /ɛ/ (95 ms) is 35 ms longer than the vowel /ʌ/ (60 ms) in <sub>.  The 
pronunciation of <SUBject> fits the pattern that Chrabaszca et al. (2014:7) have 
observed, namely, that there is a bias in favor of trochaic patterns in the way the speakers 
of GAE produce lexical stress.  
 
4.6 A JND Analysis of F1 and F2 
When Fry was publishing his last article on lexical stress in 1965, it was not yet 
known that F1 played a greater role than F2 and F3 in the perception of vowels.  Now 
this is an uncontroversial fact in acoustic phonetics.  Ladefoged and Johnson (2015:207) 
note that F1 alone contains 80% of the acoustic energy found in vowels. Kent and Read 
(2002:33) explain the dominant role of F1 as follows: 
 
The first formant is typically the most intense formant, largely because of the 
interaction with amplitudes of the other formants.  One way of thinking about this 
is to say that F1 rides on the low-frequency tails of the other formant curves, so 
that F1 is boosted in amplitude relative to the other formants. 
                                               
8 A similar principle is invoked in linguistic reconstruction to determine proto-languages (see Fromkin et 
al. 2014:367). 
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Given the predominance of F1, one no longer needs to look to F2 and F3 when trying to 
establish a correlation between vowel quality and lexical stress. If two identical vowels 
occur in homographic pairs such as <subJECT> and <SUBject>, we expect the F1 of the 
stressed vowel to be ³20 Hz higher than that of the unstressed vowel. Flanagan 
(1955:616) found that the subjects in his experiments were able to detect a vowel quality 
difference when identical vowels differ by more than 20 Hz.  In other words, we expect 
the F1 of /ʌ/ in <SUBject> to be 20 Hz or slightly higher than the F1 of /ʌ/ in 
<subJECT>.  Similarly, we expect the F1 of /ɛ/ of <subJECT> to be ³20 Hz higher than 
the one in <SUBject>.  If two identical vowels occur and one is stressed but the other is 
not, we do not expect the difference between the stressed and unstressed vowels to be 
more than 60 Hz.  Flanagan (1955:616) notes that the F1 difference need not be large.  It 
can be as small as 20 Hz. If the difference between two phonetically identical vowels is ³ 
60 Hz, then the vowels belong to two different phonemic categories.   In other words, on 
the F1 frequency band, the ear needs at least 60 Hz to perceive two speech segments as 
phonemically different. This threshold was confirmed by Mermelstein’s (1978:578) 
speech synthesis experiments.  Multiple experimental and empirical studies since then, 
including Hawks (1994:1079), have confirmed this threshold.  Labov et al. (2013:43) 
have relied on it to study vowel variation and change in Philadelphia. Let’s use the JND 
of F1 to see if the female talker from Central Minnesota uses vowel quality to encode 
lexical stress.   The spectrograph in Figure 2 is reproduced here as Figure 3:  
 
 
Figure 3: The Vowel Quality of <subJECT> and <SUBject> 
 
Table 1 summarizes the relevant vowel quality information in the spectrograph.   
 
Words <subJECT> <SUBject> 
Segments       /ʌ/      /ɛ/      /ʌ/   /ɛ/ 
Female Speaker’s F1    488 Hz     668 Hz     715 Hz   601 Hz 
Table 1: Lexical Stress and Vowel Quality 
 
The F1 of the stressed vowel /ʌ/ in <SUBject>is 715 Hz, while that of <subJECT> is 488 
Hz.  The acoustic distance between them 227 Hz.  Even though this meets the JND in F1, 
16
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the F1 distance between the two /ʌ/s in the homographic pair is suspiciously too high.  
Normally, the F1 of phonemically similar vowels are within 60 Hz of each other.   
However, in this case we have a difference of 227 Hz.  Such a large difference is an 
indication that the two vowels belong to two different heights.  An audit of the talker’s 
vowels reveals that she pronounced the /ʌ/ in <subJECT> almost like an /ʊ/.  The 
intrinsic value of her /ʊ/ is 537 Hz.  As a matter of fact, the substitution of /ʌ/ by /ʊ/ is 
fairly common in Central Minnesota English.  The confusion between lexical minimal 
pairs such as <book> and <buck>, or <look> and <luck> occurs rather frequently (Koffi 
2016:5). The F1 value of the stressed vowel /ɛ/ in <subJECT> is 668 Hz, while that of the 
unstressed /ɛ/ in <SUBject> is 601 Hz.  There is an F1 distance of 67 Hz. This is a little 
higher than expected.  Normally, if the two vowels are produced identically, the F1 
difference between them should be less than 60 Hz.  The fact that it is 7 Hz higher 
suggests that the talker may have produced two different vowels.  This may indeed be the 
case in Fry’s transcription of <subJECT> (verb) and <SUBject> (noun).  In the former 
the <e> of <JECT>is transcribed as [ɛ], whereas in the latter, it is transcribed as [ɪ].  We 
know that [ɪ] acts sometimes as an unstressed vowel (Ogrady et al. 2017:61). 
 
 Even though in this example, the F1 values of /ɛ/ correlates with stressed and 
unstressed syllables, Fry was right to be suspicious about the overall contribution of 
vowel quality to the perception of lexical stress.  The problems of using vowel quality as 
a diagnosis test for lexical stress are three manifolds. First and foremost, each vowel in 
English (and most likely all other languages) has its own intrinsic F1 value.  Unless the 
same vowel occurs in consecutive syllables, it is practically impossible to compare the F1 
values of two unrelated vowels.  F1 correlates with vowel height (mouth aperture).  High 
vowels have smaller F1 values than mid vowels, which also have smaller F1 values than 
low vowels.  In homographic pairs such as the ones considered in this paper, the 
comparison is possible. However, outside of such lexical items, it is hard to find other 
words where vowels lend themselves to such comparisons.   Orthographic forms of words 
can be misleading.  Even in words such as <Canada> and <Mississippi>, one cannot be 
sure that the sequences of <a>s and <i>s have the same pronunciation.  Secondly, if the 
words contain heterogeneous vowels, it is almost impossible to arrive at a valid 
comparison of vowel quality because each vowel has its own intrinsic formant values, as 
is reported in Peterson and Barney (1952) or Hillenbrand (1995).  Relying on different 
F1s to determine lexical stress is tantamount to comparing apples and oranges.  Last but 
not least, even if one were willing to do so, one should be mindful of the fact that vowel 
qualities change from one region of the US to the next.  
 
5.0 Additional Insights from Fry’s Studies 
A number of insights can be gleaned from Fry’s experimental studies.  However, 
for our purposes, the most significant ones are those derived from the empirical data that 
he collected from the 12 speakers of GAE in 1955.  Their data allows us to see that the 
acoustic correlates of stress behave differently depending on the stress pattern of the 
word and the part of speech to which it belongs.  Furthermore, there are important 
interspeaker variations in how the correlates of duration and intensity are encoded.  We 
explore some of these insights in the sections below.  
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5.1 Insights about Parts of Speech and Stress Pattern 
 A closer analysis of the data shows that the correlates of duration and intensity 
behave differently according to the stress pattern of the word and its parts of speech.  The 
duration correlate is longer in words with an iambic stress pattern (verbs) than words with 
a trochaic stress pattern.  In 46 out of 48 occurrences (95.83%), the stressed syllable was 
longer. The mean duration of the unstressed syllables was 75 ms versus 143 ms for 
stressed syllables.  The durational difference between unstressed and stressed syllables 
was 68 ms. For words with a trochaic stress pattern (nouns), the overall duration of 
stressed syllables was 142 ms, while unstressed syllables lasted 118 ms.  The durational 
distance between them is 24 ms, compared with 68 ms for words with an iambic stress 
pattern.  Furthermore, in 30 out of 48 occurrences (62.5%) the stressed syllable was 
longer than the unstressed one.  In other words, in 37.5% of the cases, the participants 
failed to use duration to encode stress for words with a trochaic pattern.  Clearly, duration 
was a more important cue for words with an iambic pattern (verbs) than for those with a 
trochaic pattern (nouns). 
 
 The intensity correlate played a greater role for words with a trochaic stress 
pattern (nouns) than for those with an iambic pattern (verbs).  For the latter, intensity was 
perceptually significant only in 32 out of 48 occurrences (66.7%).  The mean intensity 
ratio in words with an iambic stress pattern was 13 dB for stressed syllables versus 11 dB 
for unstressed syllables.  As noted in 4.2, a minimum of 3 dB is required for intensity 
differences to be perceived by humans under normal speaking conditions.   Since the 
intensity difference is only 2 dB, we conclude that the correlate of intensity does not play 
an important role in the perception of lexical stress in words with an iambic stress pattern 
(verbs).  Yet, it plays a dominant role for words with a trochaic pattern (nouns).  In 46 out 
48 occurrences (95.83%), the talkers relied on intensity to encode lexical stress in nouns 
with a trochaic stress pattern.  The mean intensity ratio of stressed versus unstressed 
syllables was respectively 14 dB and 7 dB.  We know from Hansen (2001:41) that a 
difference of 5 dB is “clearly noticeable.” In other words, most of the participants relied 
more heavily on intensity to encode lexical stress in words with a trochaic stress pattern 
(nouns) than on duration.   
 
That words with different stress patterns and parts of speech may utilize different 
acoustic correlates to encode lexical stress is one of the most important insights from 
Fry’s (1955) data. The overall insight is as follows: for words with an iambic stress 
pattern (verbs), the ranking is this: Duration > Intensity.  For words with a trochaic 
stress pattern (nouns), we have the following ranking: Intensity > Duration.  There is 
already a hint in Chrabaszca et al. (2014:7) that differential rankings of correlates based 
on stress patterns exist. They report that “Overall, pitch and vowel quality were found to 
be generally stronger when in an iambic contour compared with when they were in a 
trochaic contour, and the other two cues were of roughly equal strength independent of 
stress pattern.” This observation suggests that the acoustic correlates of stress may be 
sensitive to the stress pattern of words and their parts of speech, just as Fry’s data seems 
to indicate.  Additional research is needed to validate or invalidate this insight.  The 
corpus found in Fromkin et al. (2014:270) and Goldsmith (1990:204) could be used to 
test this claim.   
18
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5.2 Insights about Individual Differences in Stress Production 
 Fry’s data can be used to lay to rest the assumption that all speakers of GAE rely 
on the exact same correlate ranking to encode lexical stress.  The ranking of F0 > 
Duration > Intensity has been repeated so often that unsuspecting students of acoustic 
phonetics take it as an article of faith that all native speakers of American English express 
lexical stress exactly the same way.  Nothing could be further from the truth and we have 
Fry’s data from 1955 to dispel this myth.  If all his participants relied on the same 
strategy, the stressed syllable would be longer every time and for every talker.  However, 
this is not the case.   There are many examples in the data where the vowel of the putative 
stressed syllable was not longer than that of the unstressed syllable.  Take Speaker 7 for 
example.  In <Object>, we see that the vowel <O>is shorter (140 ms) than the vowel <e> 
(150 ms) by 10 ms.  The same thing happens in the pronunciation of <SUBject>, where 
<U> is 120 ms and <e> is 160 ms.  The vowel of the unstressed syllable is 40 ms.  Again, 
Speaker 5 pronounced the vowel <I> of the putative stressed syllable in <DI> (150 ms) 
shorter than the vowel <e> (180 ms) in <gest>.  There is a 30 ms difference between 
them. Speaker 9 did the same for the vowels in <SUBject> (100 vs. 130 ms).  Speaker 2 
pronounces the unstressed vowel <i> in <diGEST> longer (140 ms) than the stressed 
vowel <E> (120 ms).    
 
There are also cases where the vowel of the stressed syllable and that of the 
unstressed syllable were produced with the same duration.  We see it in how Speakers 3 
and 5 pronounced the two vowels in <SUBject>.   The stressed and unstressed syllables 
were respectively 120 ms long for Speaker 3, and 100 ms for Speaker 5.  Speaker 5 also 
produced the two vowels in <PERmit> with the same duration, i.e., 120 ms.  As for 
intensity, Speaker 12 produced the two vowels in <obJECT> with the same intensity 
ratio, that is 12 dB.  He did the same for the vowels in <diGEST> (17 dB). Speaker 4 
pronounced the two vowels in <DIgest> with the same intensity values, that is, 18 dB.  
There are numerous other instances in the data where the difference between the intensity 
of the putative stressed syllable and that of the unstressed syllable is perceptually 
unimportant, that is, less than 3 dB.  These examples are only meant to underscore the 
fact that not all speakers use the same correlate ranking to encode lexical stress.  Speakers 
may rank any one of the three main correlates in any of the 10 ranking possibilities 
discussed in 4.4 to encode lexical stress.  Even though all the participants are from 
Central Minnesota, they rank their correlates differently.  Furthermore, there is a 
significant gender difference in correlate ranking. 
 
5.3 Constraints on Overgeneralizations 
Some linguists have interpreted Fry’s ranking of the acoustic correlates of stress 
in ways that would make him uncomfortable if he were alive today.9  He never stated his 
ranking in absolute terms.  Instead, he hedged around quite a bit, as is seen in the two 
quotes below: 
 
Perception of the sounds of speech always involves a complex of these 
dimensions; the listener is never concerned exclusively with one of them.  He 
takes in continuous variations along all of the basic dimensions and his linguistic 
                                               
9 Dennis Butler Fry was born in 1907 and passed away in 1983. 
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judgments are determined by their interactions.  This fact is only one more 
illustration of the redundant character of speech as a mode of communication.  
The listener, in normal conditions, has a number of cues that he can use as the 
basis of any single judgment and these cues are provided by variations in any and 
all of the perceptual dimensions.  On the other hand, the listener may, for a 
specific judgment, be more dependent on one than on another: in establishing a 
phonemic sequence, he may depend very largely on succeeding variations in 
quality; in taking in an intonation pattern, he may commonly rely mainly on 
variations in pitch (Fry 1958:127). 
 
He also stated: 
 
It has been pointed out already10 that judgments of stress depend upon a complex 
of perceptual factors which are interdependent.  It follows that the effects of the 
physical correlates of these perceptual factors are also likely to be interrelated.  In 
any speech sequence presented to a listener, the duration, intensity, fundamental 
frequency and formant structure all act as cues which determine the listener’s 
stress judgment and there is no method of rendering any of these physical 
dimensions inoperative (Fry 1958:134). 
 
5.4 Unresolved Issues 
 There are unresolved issues regarding the acoustic correlates of lexical stress.  
Some of them have been discussed in the previous sections.  Yet, others have not been 
touched upon in this paper, or in other papers to the best of my knowledge.  The study of 
lexical stress has been limited for the most part to disyllabic content words with iambic or 
trochaic stress patterns. There is hardly any discussion of the stress pattern on disyllabic 
function words.  The unstated assumption is that they would behave like content words. 
However, my preliminary investigation of the stress patterns of <also> and <maybe> 
indicates that quite a few speakers of Central Minnesota English pronounce them with a 
spondaic stress pattern.11  Dictionaries define spondees as words in which two syllables 
are equally stressed.  The limited data at my disposal shows that F0, duration, and 
intensity do not converge on any single syllable.  As a result, the Majority Principle fails 
to apply.  Linguists in the region and laypeople alike are unsure about which syllables of 
the words <also> and <maybe> are strong and which are weak.  This may be a sign that 
these words are pronounced with a spondaic stress. 
 
Another unresolved issue is that in Fry (1955), in about 15% of the cases duration 
and intensity “did not operate in the same direction,” to use Fry’s own phraseology.  In 
these instances, the vowel of the stressed syllable was longer in duration, but the vowel of 
the unstressed syllable had a greater intensity, or vice versa. Even though Fry ranked 
duration higher than intensity in such cases, there are compelling reasons to think that the 
ordering may not actually hold in these cases.  A closer analysis of the data shows that 
Fry’s ranking works well for words with an iambic stress pattern (verbs).  However, for 
                                               
10 The interrelatedness of these correlates is also discussed on page 128.  The overall conclusion on p. 151 
is not stated in categorical terms. 
11“Spondaic” is an adjective derived from the noun “spondee.” 
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those with a trochaic pattern (nouns), intensity actually ranks higher than duration, as 
discussed in 5.1.  Fry’s ranking does not work well for words such as <academic, 
composure, elementary, dissertation, orientation, phonetics, respiratory, secretary, 
university> that have three, four, or five syllables. Even though the analysis of lexical 
stress on these words is in its infancy, the preliminary data indicates that there is no clear 
ranking of correlates.   I have a dozen or so recordings of native speakers of English.   In 
some, F0 is higher on the putative stress syllable, on others it is duration, and still for 
others, it is intensity.  There is still a long way to go before we can understand how the 
acoustic correlates of lexical stress operate in non-homographic words.  
 
6.0 Summary 
Fry gave a great gift to subsequent generations of acoustic phoneticians not only 
by designing a new approach for studying lexical stress, but also for making his raw data 
available for closer examination.  It is regrettable but understandable that he did not 
provide us with raw data for F0 and vowel quality.  His focus was on speech synthesis, 
not empirical acoustic phonetic research.  However, the measurements that we have of 
duration and intensity have provided us with significant insights on how speakers of GAE 
use these two correlates to encode lexical stress. These insights would not have been 
uncovered if Fry had not made his raw data available for re-analysis and re-interpretation.  
Thanks to the measurements that he provided in the appendix of his 1955 article, we have 
been able to apply a template model based on JND thresholds to shed new light on an old 
data.  The traditional framework that Fry used and the JND-based model that I have used 
in this paper concur that the 12 participants in his original study relied more on duration 
than intensity to encode lexical stress in the five homographic pairs that they produced.  
 
Appendix 
In my considered opinion, a clerical error occurred in the original document when 
the measurements for <CONtract> (Noun) were being entered for the correlate of 
duration.  Normally, since <CON> is the stressed syllable, it is expected that the first 
vowel (V1) would have a longer duration than the second vowel (V2).  The fact that the 
V1 values were consistently and systematically lower than the V2 values for all speakers 
is an indication that the person reporting the measurements inadvertently switched V1 
and V2 values.  Because of this putative error, we have decided not to include <contract> 
in the analysis.   The error affected only the duration measurements of nouns.  It is highly 
suspicious that all the 12 talkers produced stressed syllables that were shorter than the 
unstressed ones.  In my considered opinion, the data was wrongly recorded.  The shaded 
data should have been entered as V2.   Note that this error is not as pervasive in the 
intensity measurements as it is in the duration ones. 
 
Homographs conTRACT, Verb CONtract, Noun 
Duration V1 V2 V1 V2 
Speaker 1 110 130 50 150 
Speaker 2 100 170 40 190 
Speaker 3 120 180 50 240 
Speaker 4 120 190 40 230 
Speaker 5 70 130 20 200 
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Speaker 6 100 210 120 250 
Speaker 7 120 130 100 160 
Speaker 8 110 150 80 170 
Speaker 9 100 150 70 230 
Speaker 10 90 130 30 150 
Speaker 11 140 150 20 160 
Speaker 12 160 150 30 190 
Mean 111.6 155.8 54.1 193.3 
St. Dev. 23.2 26.4 32 36.5 
 
Homographs conTRACT, Verb CONtract, Noun 
Intensity V1 V2 V1 V2 
Speaker 1 10 15 23 14 
Speaker 2 8 17 15 8 
Speaker 3 6 21 20 13 
Speaker 4 8 15 18 10 
Speaker 5 6 18 10 10 
Speaker 6 10 8 10 12 
Speaker 7 12 17 12 10 
Speaker 8 6 18 12 11 
Speaker 9 10 21 16 10 
Speaker 10 3 13 7 10 
Speaker 11 2 16 16 15 
Speaker 12 4 18 17 15 
Mean 7 16.4 14.6 11.5 
St. Dev. 3.1 3.5 4.6 2.2 
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